It was reported previously that mycelial suspensions of two strains of Penicillium chrysogenum deacylated phenoxymethylpenicillin about six times faster than benzylpenicillin to 6-aminopenicillanic acid (6-APA) (R. C. Erickson and R. E. Bennett, Bacteriol. Proc., p. 65, 1961; Erickson and Bennett, Appl. Microbiol. 13:738, 1965. This was observed with a penicillin-nonproducing strain, Wis 49408 (obtained from the University of Wisconsin), and with a penicillinproducing strain, P-5009 (obtained from the Squibb culture collection). It was of interest, therefore, to examine the reversibility of these reactions. For this work, the Wis 49-408 strain, and a penicillin-producing strain, SC 3576, obtained from the Squibb culture collection, were employed. Cultures were grown in the absence of side-chain precursor on synthetic germination and fermentation media as previously described (Erickson and Bennett, Appl. Microbiol. 13:738, 1965). After 48 hr of growth on the fermentation medium, both strains were tested as growing cultures and as suspensions of washed mycelia. The pH of both cultures at 48 hr was near neutrality and was not adjusted. For washed mycelial suspensions, mycelia of a 48-hr culture were collected on a filter in a Buchner funnel by vacuum filtration, washed thoroughly with 0.5% sodium chloride, and then dried for 5 min on the filter while air was drawn through the mycelial pad. Suspensions were prepared by adding mycelia to 0.1 M potassium phosphate buffer of pH 6.8 in the ratio of 1.0 g (wet weight) of mycelium to 7.0 ml of buffer. To each reaction was added 4.8 ml of culture or suspension and the following as indicated: 115 ,umoles of 6-APA and 37.0 ,umoles of the potassium salt of either phenylacetic or phenoxyacetic acid (added from stock solutions of 50 mg/ml adjusted to pH 6.8). Total volume was adjusted to 5.0 ml with distilled water. These levels were shown to be optimal or nearly optimal for maximal rates of penicillin synthesis in the reaction mixtures described. Our findings indicate that both strains acylated 6-APA under both sets of conditions and that the rate of phenoxyacetylation was greater than the rate of phenylacetylation under any set of conditions (Table 1) . The most striking difference in rate was observed with the culture of Wis 49-408, which produced approximately 4.5 times more penicillin by phenoxyacetylation than by phenylacetylation within 48 hr. With culture SC 3576, and with the washed mycelial suspensions of both cultures, the differences in the rates of acylation with the two side-chain precursors are not as pronounced, but nevertheless are apparent. It is interesting to note that the addition of phenylacetate (PA) and 6-APA to culture SC 3576 resulted in no increase in penicillin production during the first 24 hr over that achieved by the addition of PA alone; however, during the next 24 hr, the titer in the reaction mixture containing both PA and 6-APA doubled, whereas that in the reaction mixture containing only PA showed only a slight increase. This suggests that the enzyme, or enzyme system, involved in acylation during normal penicillin biosynthesis is the same one that catalyzes the acylation of 6-APA. Apparently, the unknown acylatable penicillin intermediate produced biosynthetically during the
Reaction mixtures were sampled at 24 and 48 hr, and penicillin titers were determined by a standardagar plate diffusion assay with Staphylococcus aureus 209P as the seed organism. Representative samples were chromatographed on Whatman no. 1 paper impregnated with 10% (w/v) potassium citrate (pH 5.6) by an ether-water system essentially as described by G. A. Brewer, Jr., and M. J. Johnson (Appl. Microbiol. 1:163, 1953 with the washed mycelial suspensions of both cultures, the differences in the rates of acylation with the two side-chain precursors are not as pronounced, but nevertheless are apparent. It is interesting to note that the addition of phenylacetate (PA) and 6-APA to culture SC 3576 resulted in no increase in penicillin production during the first 24 hr over that achieved by the addition of PA alone; however, during the next 24 hr, the titer in the reaction mixture containing both PA and 6-APA doubled, whereas that in the reaction mixture containing only PA showed only a slight increase. This suggests that the enzyme, or enzyme system, involved in acylation during normal penicillin biosynthesis is the same one that catalyzes the acylation of 6-APA. Apparently, the unknown acylatable penicillin intermediate produced biosynthetically during the APPL. MICRoBIOL. The penicillin acylase enzyme of Escherichia coli is reported to be reversible, to display greater specificity for the phenylacetyl side chain than the phenoxyacetyl side chain, and to be able to remove the phenylacetyl group from or attach it to a variety of amino acids (M. Cole, Nature 203:519, 1964; W. Kaufmann and K. Bauer, Naturwissenschaften 47:474, 1960; W. Kaufmann and K. Bauer, Nature 203:520, 1964; G. N. Rolinson et al., Nature 187:236, 1960) . The penicillin acylase of Alcaligenes faecalis appears to be similar (C. A. Claridge et al., Nature 187: 237, 1960) . M. Cole (Appl. Microbiol. 14:98, 1965) reported, without giving many details, the formation of penicillins by the addition of 6-APA or 6-APA and side-chain precursor, to an unidentified culture of Penicillium which did not otherwise produce penicillin. He postulated that the culture possessed a penicillin acylase capable of catalyzing these reactions. Whether the enzyme or enzyme system in P. chrysogenum that deacylates penicillins is the same one that acylates 6-APA is not known; however, the similar specificity shown by synthetic and hydrolytic reactions toward the type of penicillin involved in the reactions suggests that it could be. An enzyme system in P. chrysogenum capable of exchanging the side-chains between phenoxymethylpenicillin and benzylpenicillin, but not between one penicillin and the side-chain precursor of the other, has been reported (W. H. Peterson and N. E. Wideburg, Intern. Abstr. Biol. Sci. Suppl., p. 136, 1958) . Thus, in considering the deacylation, acylation, and side-chain exchange reactions performed by P. chrysogenum, it would appear that neither 6-APA nor penicillins are static fermentation end products.
